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TEXA

The University of Texas at Austin

Simulation added

Simulation in new verison ADC

Pre-sim Corner(45 corner)

with bond wire and noise Done
Post-sim c+cc for
Done
2nd stage and amp
Post-sim c+cc for
1st stage Done
Post-sim c+cc for D
with whole chip one
Post-sim corner (45 corner) Done
Monte Carlo(Pre-sim) Still Running

Monte Carlo(Post-sim)

After Pre-sim




TEXAS

raAM A Monte Carlo Simulation AT'-AS

Virtuoso® Analog Design Environment XL Editing: CERNAD

Launch File Create Tools Options Run EAD Parasitics/LDE Window Help

W dG g FOEE =0 )2 BB Jex [~ S

LHlNo Parasitics/LDE ' %; va »l|annte Carlo Sampling . % L Q 0 . Reference
l Data View 7.8 X Outputs Setup Results
B 2@ Tests

m
# o & cenmnc:cmp_rop_Tes_i

‘-—'.n-‘....... —J

Data | History

I Run Summary 78 X
1 Test
¥ 1Point Sweep
¥ 0 Corner
¥ Nominal Corner
. Saws

MonteCarlo.0 Flng - 39/1000 comple

t‘neld ' W W/ r"':'h:'j,_ ' -| h * Replace 'L@ ﬂJ @ E@ g

Yield Estimate: 30.7692 %{12 passed/39 pts) Confidence Level: <not set> Filter: <not set>
= £} CERNADC.CHIP_TOP_TEST Final MC2:1

spectrum_enob  30.76923077 11.74 info 11.95 o 69.81m

spectrum_sinad  30.76923077 7244 info 737 73.16 4202m
spectrum_snr 30.76923077 72.44 info 73.7 73.16 4202m
spectrum_sfdr  30.76923077 B0.27 info 8354 81.77 1086




TEXASLayout status- Product ADC ¥ ATLAS

* Finish integration routing. And LVS is clean now.

* The unfinished thing for this product adc is putting
some bypass capacitor on power path.



TEXAShayout status- Research ADC % ATLAS

e LVSis clean also.

e Bypass capacitor is almost done. Few power path
are still need to connected. Finish by this afternoon.




Future @ATLAS

* Currently, ray is helping me on putting bypass on product adc.
* After | finish Research ADC, | will start to do that with Ray.
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TEXAS Review ATLAS

The University of Texas at Austin

&b

EXPERIMENT

Model Group
\DD 1.08
temperature

DOUT k L L 2 k k L L

spectrum_enob 101 1021 10.06 1049 9541 10.11 9719
spectrum_sinad 66.25 63.2 6231 6494 59.2 6263 6027
spectrum snr 6625 63.2 6231 6494 59.2 6263 6027
spectrum _sfdr 1369 6948 6949 n 6623 68.6 67.14

* While operating at 5 corners shown above, ADC can not meet
our spec.



& TEXAS After correction ATLAS
4 el
e sults

Model Group
\OD 1.08 1.08

te mperature 80 80

DOUT L L L 2 k L L

spectrum_enob 101 1021 10.06 1049 9541 101 979

spectrum_sinad
spectrum_snr
spectrum_sfdr

11.04 11.12 11.02 11.14 0.8 11.01 11.21



TEXAS Problems in 0.9VDD ATLAS

EXPERIMENT

* DAC settling becomes very slow in low voltage, leading to
error decision.

RED : slow corner
Black: normal corner

E Correct Desicision

[ |
[ ] | |
DV ---------------------- : L T - ue-ll-ql ----- ......

g TE L. a .
] 1 CTeEasammm= .
s  Error Desicision .
E |

: :

Comparator

compare at this instance
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TEXA Correction method ATLAS

EXPERIMENT

The University of Texas at Austin

1. Adding some delay to delay a signal which activate a
comparator.

2. Implement redundancy to second stage.
( Hasn’t been implemented in first tapeout. Will be
implemented in next verison)
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TEXAS Tentative solution @ATL&AS

Here shows the delay cell which | implemented.

V, trl
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Tentative solution @ATLAS

Adding some supply controlled inverter to adjust comparator’s
activation instance

RED : slow corner
Black: normal corner

E Correct Desicision

DV IIIIIIIIIIIII LR A3 N BB RN RENRRENNENDNERNDSHSES.SSSHRD®NHS.] ~: ----- ......

Comparator
compare at this instance



Future plan ATLAS

 ADC is almost done now. Starting to do integration layout with
Jaro, Sarthak, and Ray.
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The University of Texas at Austin

ATLAS

EXPERIMENT
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[ ]
The University of Texas at Austin I {ev I e W

--------------------------------------------------------

Phase1 5-b SAR ADC

Winke: Lolol

: Vi,— Switches

A

8X residue gam

------------------------------------------------------

= PHase3

SAR Logic -

' Phase3 8-b SAR ADC
-|_12802"0 1202% Cz% C,
Switches
SAR Logic

Data Align 4_

+D[11 0]

* Second stage switches to bottom plate sampling instead of

top plate sampling.
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TEXA

LA A Simulation results

Simulation in new verison ADC

Pre-sim Corner(45 corner)

with whole chip

with bond wire and noise Done
Post-sim c+cc for
Done
2nd stage and amp
Post-sim c+cc for
1st stage Done
Post-sim c+cc for
Done

Post-sim corner (45 corner)

Some corner fails

18



& TEXASlS corners simulated with C+CC €IaTLAS
without noise S

v 4 aded

esults

DolpHEml  INEENE .- B EEQE
[pomee [z 0202 @2 ([T [Tar e ]

Model Group m
\0D 1.08 1.08 1.08 108 108 1.8 108
te mperature 80 80 80 80 20 bl 80
A A A

Tome |02 ] G2 @ . @ ] 4 @] @]
JDouT K L I 4 L k k !

spectrum enob 10.1 1021 10.06 1049 9541 10.1 N9
spectrum sinad 66.25 63.2 6231 64,94 59.2 6263 6027
spectrum snr 66.25 63.2 6231 6494 59.2 6263 6027
spectrum _sfdr 7369 6948 6949 n b6.23 68.6 67.14
* While operating at 5 corners shown above, ADC can not meet
our spec.
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TEXA

The University of Texas at Austin F u t u re p I a n

* Found out the problem and fix it.
e Then Run with 45 corners with noise on.

ATLAS

EXPERIMENT

20
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TEXASArchitecture slightly change ¥ ATLAS

17 stage Phase2 2"dstage (Top Plate Sampling)
i Phase1 5-b SAR ADC Phase3 i 5 Phase3 8-b SAR ADC i
i = -|-1SC1"° -|-2C1 T C, T C, i 5 -|-12802-" TZCZT Cz-l- C, I i
: Vi,— Switches : L : Switches — !
i + : 8X residue gain + '
SAR Logic .., Data Align ,.: SAR Logic
""""""""""""""""""""""""""""" *9[11:01
S : sample the analog signal
Phase1l | S | | l | |
Phase2 | 5-b SAR ADC]| | I I |
Phase3 | | Amplification | | | |
Phase4 | | | 8bSARADC | | |
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TEXASArchitecture slightly change ¥ ATLAS

Phase1 5-b SAR ADC Phase3 Phase3 8-b SAR ADC

i = -|-1GC1"- -|-201 T C, T C, 5 -|-12802"- TZCZT Cz-l- C, I i
: Vi,— Switches L0 o] Switches — !
i P PHase3 !
! + i 8X residue gain + .
SAR Logic .., Data Align ,.: SAR Logic
""""""""""""""""""""""""""""" *9[11:01

S : sample the analog signal

Phase1 | S | | l | |

Phase2 | 5-b SAR ADC]| | I | |

Phase3 | | Amplification | | | |

Phase4 | | | 8bSARADC | | |

23



o TE.

The University of Tiaas Bt

Top Plate Sampling

ample

V|nH/°1 _T_

COT C1no

L.

X

. vref!vcm

Lo

I parasmc

b C1ou +h C

Vrop = Vin ™

" Cy#Cre00+C,+C

parasitic

Bottom Plate Sampling

éct of Top V.S. Bottom Sampling ALLAS

Vrop

I

Sample '|' COT C1"'

I,

X

vin"‘/°‘ Vet Vem

Lo

I parasmc

b1C1'.0 +bex
Vrop = { Vin -
CotCqeeetC,

v Co+Cio00+C,
ref C0 + C1ooo+ Cx ¥ Cparasitic

Ideal Term
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@ TEXAS

Simulation planned to do

Simulation in new verison ADC

Pre-sim Corner(45 corner)
with bond wire and noise

Simulate it again

Post-sim c+cc for
2nd stage and amp

Simulate it again

Post-sim c+cc for
1st stage

Simulate it again

Post-sim c+cc for
with whole chip

Simulate it again

Post-sim corner (45 corner)

Simulate it again

ATLAS

EXPERIMENT

25



TEXAS Layout for core circuit ATLAS

Core 279.79um * 532.48um
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TEXAS TOP Level

Top Module is located at
/home/ckhsu/TSMC65LP/CHIP_TOP

Signal PAD 2
Reference 4
PAD

CLK PAD 1

OP_CMFB 3

OP_BIAS 3
VDD&GND 9&9

Delay Tuning 2
Digital Output 13

Total 46



Future Plan ATLﬁS

 Complete the Simulation.
* Discuss integrated simulation with Sarthak, Jaros , and Ray.
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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TEXAS Layout Status Update ATLAS

12-b Pipeline SAR Status(Up to date) Status(before last week)

Whole Chip Almost Done Haven’t Done

1st stage SAR ADC Done Haven’t Done
Amplifier Done Done
2nd stage SAR ADC Done Done
CLK Buffer Done Done

32



Simulation | did

1st stage

Simulation
Pre-sim Corner(45 corner) Pass
with bond wire and noise

Post-sim c+cc for

Pass
2nd stage and amp
Post-sim c+cc for

Pass

Post-sim c+cc for
with whole chip

Haven’t done it

Post-sim corner (45 corner)

Haven’t done it
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TEXAS Firs stage Layout ATLAS

The Univer of Texas at Austin EXPERIMENT
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irs-Stage c+cc simulation (wo noi@&lkﬁé




TEXAS Layout for whole circuit ATLAS




TEXAS Future plan & Problem ATLAS

EXPERIMENT

& Future plan:

* Provide the top symbol to nevis server for integration
simulation by this weekend.

 Run C+C simulation for entire chip.
e Run R+C+CC simulation if time allows.
& Problem:

* Very slow connection from UT side to access the
nevis server while opening the virtuoso.
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT

38



&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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TEXAS

Layout status

ATLAS

EXPERIMENT

Phase1 5-b SAR ADC

-|—1GC1..' 2C1-|- C1-|— C1

BN oo s s

Vi~ Switches

A

SAR Logic I——

SAR Logic

41



TEXA

e Layout Update @M

O RASRRRARIRERN TAR N 1 il - T 3
|RRRENRRRSARSRARARAY i} S | RREERSERREARRARAN
.

2nd stage ADC  |Hi

e e e e

N (MR iR RRRRRRAR AR

S RASE!EREEIECREINE AN &

B (n iR AR RRAR AAR 110 . R i s anmannan annnannnn
{suRsuzERSERSERRRRDS. = EESNEENEENSENNER]

S A RERIAEARINE ST | RN Ill!llllllulml
[RREE/iEERaEREEE RN N 1 |MsgsausEEs ERAEN

g (eeasiisasuanansnaill iy EEEsEEEEsanEasEal

Amplifier




9 TEXAS ATLAS

The University of Texas at Austin EXPERIMENT
first stage amplifier second stage
pre-simulation C+CC extraction C+CC extraction
15tstage Phase2 2ndstage
e e
Phase1 5-b SAR ADC Phase3 i ) “F ! Phase3 8-b SAR ADC .
v v 0 No—! H—O\C ’ ° ° ° :
'L_C/ l16C1”° TZC1% 01% C, n i ‘I;D~ i %128C2"° %202% Cz% C, n i
i Vin— Switches — : L : Switches — :
* ' 8X residue gai}w +
SAR Logic »i| Data Align |<s SAR Logic
''''''''''''''''''''''''''''''''''''''' +D[11 01
0 :
10 F
20
-30
SNDR =
40 L SFDR = 72.92dB
50 - 90.42dB SNR =
.l 73.04dB
70t
-80 f
90 f
-100
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@E

TEXAS

The Uni s at Austin

Corner Simulation

ATLAS

EXPERIMENT

- ENOB @ 80 degree and 1.2V ENOB @ -20 degree and 1.2V

TT
SS
FF
FS
SF

11.84
11.83
11.63
11.74
11.8

11.86
11.74
11.85
11.82
11.88

- ENOB @ 80 degree and 1.32V ENOB @ -20 degree and 1.32V

TT
SS
FF
FS
SF

11.75
11.86
11.61
11.53
11.81

11.76
11.86
11.84
11.65
11.81
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¥ TEXAS Future Plan ATLAS

1" stage
| Phasel  5bSARADC  Phase3
-=|-_0/0;'-|_1ﬁc1 lzq% 01% C,
LV~ Switches
SAR Logic - , ian SAR Logic

* Finish the first stage by the end of this week
* Finish the whole circuit routing by the end of this month.
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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tistomized Cap for second stag ATLAS

* Shielding the top plate in order to reduce the parasitic.




TEXAS

The University of Texas at Austin

Fstage Dac Array

B7

B6

B5

B4

B3

B2

Bl

Capacitance(fF)

66.1476

33.1085

16.5783

8.28950

4.14297

2.06862

1.03556

ATLAS

EXPERIMENT

Normalized(fF)

63.8

31.97

16.00

8.00

4.00

1.997
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Help
L/ 0SB ~C@KEL

ATLAS

EXPERIMENT

I+ [l 2 L I
4] M

L s L 1 L L

4
(dB 20

ixed-Signal




TEXAS Bootstrap SW @ATLAS

I A M AR AR
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TEXAS Future Plan @ATLAS

« Optimize the capacitor array ratio for 2"9 stage.

* Finish the 2"d stage layout by the end of this week.
* Finish the 15t stage layout by the end of next week.
* Whole chip routing by the end of this month.
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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Supply Voltage 1.2V 1.2V
DC Gain 90.25dB 89.71 dB
PhaseMargin 67 degree 65 degree
Unit-Gain Freq 2.642GHz 2.25GHz -



Layout(Comparator) ATLAS

I T

Offset 960 uVv
Noise 300 uV 260 uV
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TEXAS Floor Plan @ATLAS

Stage 1 171um*120um
Stage 2 171um*100um
BEEEEE S mEEEEIER OPAMP 91um*60um

Core Area 171um*300um

e e nn v o

=
= = mmmm cc
L

60



TEXAS Schedule @ATLAS

v| CLK GEN routing

v/| Comparator nsisim
vl Amplifier | P
Bootstrap SW

DAC

61



0 B 8 it 100 Do a0 T3 a0 i 1 2 e ) LTI B N R BB S b i e e e B
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A 0 187 1 7 1 0

S5 S SR S T S D T S

E
I
=
-
I
Z

B N A DA R T S NS I IS U E MR N P IE DI E T AN

Area(145fF) 8.5 um*7.3 um 10.5um * 9.3 um
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@ TEXAS Adjustment on CLK Gen ATLAS

The University of Texas at Austin EXPERIMENT

E Phase1 5-b SAR ADC Phase3 i é Phase3 8-b SAR ADC E
-=|:</°:-T-r16c1--- -T-z)c1 % C, % C, \%12802"' 1202% Cz% C, I
LV Switches L ! Switches —/
' * | | 8 residue gain ' * '
i SAR Logic (aciivate @ Phase 2) -;, Data Align *_: SAR Logic (activate @ Phase 4) i
S : sample the analog signal brt1: 0]
Phase1l | S | | | | |
Phase2 [5-b sArR ADC] | I | |
Phase3 | | Amplification | | | |
Phase4 | | | 8bSARADC | | |

64



TEXAS ATLAS

The University of Texas at Austin EXPERIMENT
" b i i &
lin)
End conversion of 1st stage
In)
End conversion of 2nd stage
i) r
Sampling Clock
lin)
“““““““““““ « . Original clock for amplifier 4 phase 3
lin) |
Extended clock for amplifier Or new phase 3
. . : : L
in ' ) ' ?6“ ' ' ) ' ?gﬂ ' ' ' ) 860 ' ' ) ' 3%!1 ' ) ) ) gll)l‘l '




TEXAS 15t stage SAR logic ATLAS

i T PO TR

Area 51um*47um

08808 T AR ST Y ) CRCE Y T R T SO oA T8 T | by

JJIL Ill;lil!u LT

Ty
‘L,\VILI,JiL;fI,lglJ.l;ll,l,l,lslgil,l




TEXAS  Hnd stage SAR Logic ATLAS

The University of Texas at Austin EXPERIMENT

Area 109um*11um
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Area 39um*13um

E T

LI "rf"

CLK_GEN

g \ I __uﬂw




TEXAS Amplifier( not finished) ATLAS

The University of Texas at Austin EXPERIMENT

fes Y ——
ALLLCLD LR { AHRERLEELEREY

(AT f ‘

J

tmre ——tt e ee — —e——

" L1l Tt | SLGEL | T
ALLELCECURCAECLELERLERRCENLEAECEEE AR EEARCRLLEL ERRULECHALY CLCEOUARREREROEL AL ALMAEHLERCEALEA
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TEXAS Schedule

Now~2/28 March

1st Sar Logic
2nd Sar Logic | Whole Chip

CLK_GEN rﬂ'Uting

&

Comparator .
post-sim

Amplifier
Bootstrap SW
DAC




&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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The University of Texas at Austin

ATLAS

EXPERIMENT
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TEXAS

The University of Texas at Austin

§1 stage
| Phaset 5-b SAR ADC
-£/°1T16c1---12c1% c1% C,
i Vi,— Switches
SAR Logic
3
CLK Buffer |+

High Level review

16x residue gaini

Data Align |<¢—— SAR Logic

:

Data Driver

*0[1 1:0]

Phase3 8-b SAR ADC

1 R A ¢

T128Cyees F2C, C,F Cp

o ot o e e g

Switches

A

74



O TEXAS ADC AND OPAMP Review  FATLAS

Supply Voltage 1.2V Supply Voltage 1.2V
Technology TSMC 65LP Technology TSMC 65LP
Sampling Rate 40MS/s DC Gain 87 dB
ENOB 11.66 bit GBW 2.1 GHz
Power 4mW (no Ref Buffer) Phase Margin 80 degree

Input capacitance 2pF single ended Power 1.8 mW
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--------------------------------------------------------

------------------------------------------------------

L :_”_‘.:Phase&‘ 8-b SAR ADC

ettt N RN
T T16Cqeee 20T T Gy 3 :|> | T128Cyeec F26,T G G "l
g Vin— Switches — i L g Switches — i
g + : 16x residue gaing * :
ic ' : ic

CLK Buffer |+

Data Driver

*D[11:0]

- Now~2/26 2/26~3/26 3/26~4/26

Stage1 Stage 2 Whole Chip
Layout OPAMP CIk buffer

e .- presim(ADC) stage2 Whole Chip
verification | stage1 with stage1



TEXA Clock Buffer @ATLAS

The University of Texas at Austin

* In this ADC, three kinds of clock are used.

40MHz
- -

Phase1 ‘ | ‘ | ‘ | ‘ \
Phase2 ‘ ‘ ‘ ‘ ‘ | ‘ |

Phase3 ‘ ‘ ‘ ‘ ‘ I ‘ \
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The University of Texas at Austin

Clock Buffer @ATLAS

Frequency Divider

t1it2it3it4it5it6it7i 81
]2

cki LT LT LT
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Frequency Divider

D Q
[

Latch Oq Latch
=l e TLMLTLS

—Hp of—rp «a

é-'E— = Q L
. 1za__[T] [T]

LJ
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o
[®)
o
[®)

[Oq—J non-overlaping generation

[»] |
A4

J

160MHz

25%
Sampling Clock
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TEXAS

- Bonding wire simulation ATLAS

Bond Wire Model

50hm 5nH || PAD o
1 | THO=-200db (ham_dist=0.0)
‘\/Wk_‘ “imL o T
. SR 719046
Wire P 1'_.5;t.sb

SFOR-=nat avalable

chip

For Reference Voltage

Sohm 5nH

/B0




TEXAS Tapeout date? @ATL&A
Gustaff John Estimated Chip
Back
February 01
February 15
February 22
April 05
April 26 July 12
May 25 May 25 August 16
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The University of Texas at Austin

ATLAS

EXPERIMENT
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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&b

The University of Texas at Austin

ATLAS

EXPERIMENT
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! 16C+e i
' Vino—o—o . ' E
: Loc Lac Lac Tac Lac Lac :
| + + + :
w RS: 0 0 -vref 0 0 « After digitizing :
'wo RS : -vref -vref -vref +vref +vref Voltage @ bottom

-Voltage @ Top plate :

w RS : Vin-((16c+e)/(32c+e))*vref+((8c+el )/(320+e))*vref+((4c+e2)/(32c+e))*vref :
'wo RS : Vin-((16c+e)/(32c+e))*vref+((8c)/(32c+e))*vref+((4c)/(32c+e)) *vref

Remember that e equals to el+e2+e3
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@ TEXAS Switching back(cont.) ATLAS

* B5 controls SW9, SW8... SW5 if without switching back.

e e e e e e e e e e e e e e e = =

é .‘.u.-: .r.-: .‘.z.-: .‘.m Tmi Tac T.-: Tz.-: Tm .‘.f.-:E

SW9 SW8 SW7 SWs SWS5 (SWa SW3 SW2 SWh gnd

_______________________

Switching back Cell

e

SWs
ES - n oo
Dl

B4, .B1 SW1
| Swa
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&b

TEXAS

The University of Texas at Austin

Simulation Result

ATLAS

EXPERIMENT

With
Reverse
switching

Without
Reverse
switching

Virtuoso® Analog Design Environment XL Editing: TEST_RS CStage adex|

Launch Eile Create Tools Qptions Bun EAD Papasitics/LDE  Window  Help

Mo Parasitics/LDE

=L . % Tests
EI Ea TEST_RS:CStage:l

3 v & Global Variables
H » & Parameters
iﬁﬂ Cothers
Al Documents
. Setup States

| Reliahility &nalyzes

Launch File Create Tools Options

[ » |[|Monte Carlo Sampling L Reference:
& adexl & CStage
Outputs Setup Results Diagnostics

Yield

imate: 100 %{354 passed/854 pis)
ST _BEES.

Confidence Level: =not set= Filter; <not set=

ectrum_enoh 100 11.61 infa 11.39 1.3 G1.64m
spectrum_sinad T Pt ey = T .am
spectrum_sfdr 100 7948 info 91.57 G7.99 E P

Run EAD Parasitics/LDE Window Help

EI v % Tests
- v &k TEST_RS:CStage_Tradition.

EEI g‘ Global Variahles
E!-j v & Parameters
EE LE =] Comers
EEI Documents
. Selup States
|_J Reliability Analyses

& adexd & CStage_Traditional

Outputs Setup Resulls Diagnostics

Yield Esﬂmale 1DD fn{‘l ooo passedh 000 pts)  Confidence Level: <not set=  Filter: <not set=

info

spumm..._,.'. = ERuTul =l ] afo 2395

spectrum_sfdr 100 727 info 91.32 63.54 3.733




Y TEXA§ompa rator Offset Simulation ¥ ATLAS

Comparator Under Test Comparator Under Test
yos
VCM I+ VCM +
VFB VFB
Perfect not Perfect
Updator Updator
Wield PO Ol% O O kepae B A G R~

Yield Estimate: 100 %(1000 passed/1 000 pts) Confidence Level: <not set> Filtar: <not set>
- §F ADCESLP:CLatchOfsetSimulTION:1
YWida 100 -15.83m info 14.3Tm JEg.gu 4.644m
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TEXAZmplifier offset consideration % ATLAS

 Opamp offset canceled out by auto-zero technique.

- q/)1 _ Z“Q((p1)=[\/i(n)-VOS]C1-VOSC2 (1)
o__q/)j_?f_.—l J_CD‘_' ZD(%):‘Vos‘cw’f[V[,(n)—V[,S]C2 (2)
Y i = oV,
(DzJ_ VQS§D
T _Vo(2) _ G,
Ve
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TEXAS OPAMP Corner ATLAS

The University of Texas at Austin EXPERIMENT

* Most of corners meet our requirement.

M-ﬁﬂd—l-ﬁﬂ-&l-ﬁﬂﬂ-ﬁw-ﬂﬂm |w mmmmw
Madel Group T FS F3
YDD 1.08 1.08 1.08 1.2 1-2 1-2 1-32 1-32 1.IIIEI 1.ua 1.08 1.2 1.2 1.2 1.32 1.32 1.32
temperature -20 Z7 Gl -0 27 il -20 27 1 uc-ﬂn o7 a0 =20 27 &0 =20 27 a0

FParameger: ¥DD

. Oupwt | COO | CO | COZ| CO3 | CO4| COS | CO6 | CO7 ([ | Coz7| Coza| Co_2s| C0_30 | CO_31 | CD_3z | CO_33 | CO_34 [ CO_35

gl 3231G | 283G  2423G | 3408G  3013G 2643G 333G 3131G 312G | 2769G  2274G 3427G  2971G  25G  3501G  3055G  Z.653G
gain 9136 613z 7594 3033 68 ded3 3393 BRaC 3379 | 8193 7295 88.2 §5.26 7984 9086 8573  81.03
S w— | | — | .
wwmwmmmmﬂﬂ@m
Model Group |~ SS 55 55 55 55 55 58 $S 55 SF SF SF SF SF SF SF SF SF
yDD 108 | 108 108) 12 12 12 tiz |13z 13 1.08 1.08 1.08 12 1.2 1.2 132 1.32 132
temperature | 20 a7 6 | -20 44 80 -20 Z7 60 -20 27 80 -z0 27 80 -20 Z7 &0

T 1MW%WMM&

3.084G | 2878G | 2.329G) 3.055G | Q023G 2604G | 3.213G 147G 27426

| Co_36 | co_37 | co_38|[ cu_33 [[Co_40 | Co_4i|| Co_4z [[C0_43 | 00 44

il 3375 | 8155 | JEES | 5399 90.3 3598 | 61.82 |9234 | 8643 2901G | 204G 2577 | S016G |3.038G 2763  3.244G | 324G Z2693G
gain —J T R SN R J6.44 793 76.38 Jz4d || §8.03 64,2 65474 g3.4
WMMMMMM
hodel Group FF FF FF
YOD 1.08 1.08 1.08 1.2 1.2 1.2 1.32 1.32 1.32
temperature 20 27 80 -20 27 &0 -20 27 80

WWMMMMMM

3.226G | 2.835G 2482G | 3.395G  3.026G | 2675G  35350G | 3175G  Z2.823G
ife 835 733 70.98 G6.99 &334 7766 85.483 54.09 76.85
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TEXAS OPAMP Corner

* N_Aux_Amp: N mos input folded cascade
* P_Aux_Amp: P mos input folded cascode




TEXAS OPAMP Corner ATLAS

EXPERIMENT

* P _Aux Amp: P mos input folded cascode

&
T pch_ht_maag
VDD

NCMFE

peh_lvt_mac e P 1 - . - - _ Lo . ... pehob_mac
A ] E 1 E

nch_lvi_dnw_maoc Cnch_lvt_dnw_mac
OUTN . QUTRE
. = L. B2. . . wB2)




&b

TEXAS,

The University of Texas at Austi

mplifier Corner simulation

ATLAS

EXPERIMENT

T T T T T TT TT TT TT
1.08 1.08 1.08 1.2 1.2 1.2 1.32 1.32 1.32
-20 27 1) =20 27 60 =20 27 80

-

SF SF SF SF SF SF SF SF SF
1.08 1.08 1.08 12 12 12 1.32 1.32 1.32
-20 27 80 -20 27 80 -20 27 g0

2363G 2227G 2121G 3167G | 2897G 2625G  3698G 3424G  3.139G
6733 8437 7549 8979 | 8813 8313 9084 8908 | 6293

FF FF FF FF FF FF FF FF FF
108 108 108 12 12 12 132 132 13
-20 27 80 -20 27 80 -20 27 80

2.584G | 2313G 219G < 3405G 3.129G  2858G 3.894G 3.622G @ 3.344G
8416 = 8091 726 8791 8609 8081 8923 8718 80.04

55 55 35 35 35 35 35 35 a5
1.086 1.08 1.08 12 12 12 1.32 1.32 1.32
-20 27 80 -20 27 80 -20 27 80

2193G | 211G 2012G 2888G 2B18G 2.347G  3479G 3.201G 2914G
8869 8582 7665 9089 | 8936 8382 9196 3033 8501

2.589G  2334G  2201G 3296G 3.037G 277G 3.785G 3.521G | 3.222G
8784 8256 7357 9019 | 8752 7832 9106 8855 @ 7707

FS FS FS FS FS FS FS FS FS
1.08 1.08 1.08 12 12 1.2 1.32 1.32 1.32
-20 27 a0 -20 27 60 -20 27 80

2.053G | 2022G 1.955G 2972G 271G 245G 36G  3.321G 3.047G
8132 @ 8076 741 6776 06688 8362 6997 BB6ES 6496

* 45 corner was tested.
 Temperature:{-20,27,80}

* MOS {TT,SS,FF,SF,FS}

« VDD :0.9vDD,vDD,1.1VDD

95



TE, 27, 1.2V with transient nois ATLAS

0 gure SENES

Eile Edit Y“iew Insert Tools Desktop Window Help

Power DEHS | R ANODLRL- S| 0B | nd
Consumption
0 T — A r T - T r
=10t

VDD 1.2V -20t
=30r SNDR = |
Sample R 40MS Ml 55 a6a =
ample Rates /s sol 88.26dB NRe |
72.46dB
=60 | |

SNDR 72.46dB =or

=11.74 bits -80 1
N

~90 f

Power 3mW 100

s

0.2

bt

06 0.8

il

1.

Consumption 110

L 1 o L
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Future Work @ATLAS

Corner simulation of whole 12-b ADC
12-b Pipeline SAR ADC simulation together with bonding wire.
DAC Array layout.
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The University of Texas at Austin

ATLAS

EXPERIMENT
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The University of Texas at Austin

ATLAS

EXPERIMENT
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The University of Texas at Austin

ATLAS

EXPERIMENT
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ATLAS

EXPERIMENT

UT-Austin ADC Design ATLAS LAr
Calorimeter at HL-LHC

Chen-Kai Hsu
ckhsu@utexas.edu
Nov 22, 2016
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Outline

e Capacitor Linearity Enhancement
* Implementation Progress
* Future work
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4 w.ngéﬁ%aC|tor Matching Enhancement ALLAS

EXPERIMENT

* Reversed Switching, RS, [1] JSSCC‘15

Bit-cycle #2 (Switch C; or Cl. of 128C)
I

|
(@) Bit-cycle #1 s sidinsdl. Ioic ()
(Switch Cy.1 of 192C) tT: T F
. = el ] =g : Vo, Bit1 B2 Bitd
5 B AT of: vgi'v'n i .[ 1 - ’ BB=11
g = TF "I R B o| Nomal [TERS —0
D—" H SocTs $ switching | (reuse C)
Sampling Phase _:l:_ _L J_ - f B & i‘” 1" Bv8~=00/l CRS~
' VL E L ML T T '
192Cintotal_128C 4C Voo Voo, i D s B#B1 BB
328§¥WI LL o - 1230ﬁm
o T Tﬁb Reversely switch ¢! oo C:
o "."l:‘l:. _L _L W prior capacitors " not switched
[ V>vp 128CI64f_:h28 J_uc
PR LL Y e o T T, © Error
Cli Ciy C2 Gy YLDO _\_,to i i 8910-/ = T J_ + "canf?lled
‘—“CM D—/—L': y e Yot ]:: ::[ I.:I Mismatch Error |
g Ve Voo Voo Voo
fl'i-: _LJI: i t B VA et i
- T —J': Vo D_/t[: T T:'::
et il e
128 4CT128¢L J’ c C11=Ci1+Cy
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Capacitor Matching Enhancemel@!;\l!rﬁé

Digital Sequence : 100

. 16C+e
Vino—c/c ' '
Ilsc -T-4c -T-4c I-T-sc l4c -'.-20 -L1c = 1C
| + + +
IR RS
0 0 0 0 0 0 0 0
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~Capacitor Matching Enhanceme ATLAS

Digital Sequence : 100

I 16C+e
Vino—o—o ' '
Ilsc -T-4c -T-4c I-T-sc l4c -'.-20 L 1c =1cC
| + + +
. 0 0 0 0 0 0 0 0
Voltage @ Top plate
w RS: Vin
wo RS : Vin
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dpacitor Matching Enhanceme ATLAS

* Digital Sequence : 100

______________

1-8+C -‘-4+C -|j4+C ET8C T4C ?ZC T"C = 1C
vt e - --JO 0 0 0

! -vref -vref  -vref
Voltage @ Top plate

iw RS : Vin-((16c+e)/(32c+e))*vref
iwo RS : Vin-((16c+e)/(32c+e))*vref
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v TE

The University of TeNggs 15

acitor Matching Enhanceme ATLAS

* Digital Sequence : 100

] 16C+e _  Original cap to switch :
: Vino—o" o—! L :
; :l -T- -T-4 .-T-sc, L L2c L1c L1c :
: I e - =) ! :
: 0 -vref -vref 10 ' 0 0 0 0 :
:Voltage @ Top plate | +vref |
w RS : Vin-((16c+e)/(32c+e))*vref+((8c+e)/(32c+e))*vref
iwo RS : Vin-((16c+e)/(32c+e))*vref+((8c)/(32c+e))*vref
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acitor Matching Enhanceme ATLAS

* Digital Sequence : 100

1 e |

w RS : Vin-((16c+e)/(32c+e))*vref+((8c+e1)/(32c+e))*vref+((4c+e2)/(32c+e))*vref
éwo RS : Vin-((16c+e)/(32c+e))*vref+((8c)/(32c+e))*vref+((4c)/(32c+e))*vref

T 16C+e Original cap to switch
: v’n oo 1 | ] l :
; Ilsc -T-4c l4cllac:l4c: -T-zc -L1c — 1c ;
: | -+ -+ -+ | I | :
' S I D - | | '
5 0 0 -vref 0 10 !0 0 0 E
Voltage @ Top plate , +vref |

* Remember that e equals to el+e2+e3
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acitor Matching Enhanceme ATLAS

* Unit capacitor of 200fF in 1st stage.

Monte Carlo(1000Runs)
400 I I | |

Black Bar: 4_tk;'RS
350 - Mean:11.89 DItsS
std :0.04 bits

w

(=)

o
\

Green Bar: 3-b RS
Mean:11.86 bits
Sstd :0.06 Dbits

N

vl

o
I

Blue Bar: 2-b RS
Mean:11.82 bits
Std :0.09 Dbits

Red Bar: wo RS
Mean:11.75 bits
std :0.14 Dbits

Number of Runs
= N
i o
o S
[ [

100

50 -

0
111 11.2 11.3 114 11.5 11.6 11.7 11.8 11.9 12
EBOB(Bits)
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acitor Matching Enhanceme ATLAS

* Unit capacitor of 20fF in 1st stage.

350 I
Black Bar: 4—%5{5
. Mean: 11.75 DITS
3007 &4 :o011 bits
w 250 - Green Bar: 3-b RS
< Mean: 11.67 bits
o std :0.15 bits
w200
° Blue Bar: 2-Bgs
Y | Mean: 11.57 bits
219" s :020 bits
=
Z 100 - Red Bar: wo RS
Mean: 11.43 bits
std :0.29 bits
50
0
10.4 10.6 10.8 11 11.2 11.4 11.6 11.8 12
ENOB(BIits)
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TEXAS

ol Implementation Progress

ATLAS

EXPERIMENT

First stage has been built(without RS).

8-b SAR ADC

------------------------------------------------------

1 stage Phase?2 2 " stage

-------------------------------------------------------- _OC

| Phaset 5-b SAR ADC Phase3 | | F  llphases
-L—c/ o o—— ¢ 0—i—o\c o

Lt tole o I Tt
= _|_16C1"- .I.201.|_ C1.|. C, " ED*E .|_12802-".|_2C2_r Cz.l_ C,
' Vin— Switches — ' ' Switches

A

I 8X residue gai:n

SAR Logic

i

| | DataAlign |<¢—|

SAR Logic

*0[1 1:0]

OPAMP 1.8mW

1t Comparator 60uW
15t SAR Logic 20uW
Bootstrap Switch 6uWwW

......................................................
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TEXAS

il Implementation Progress ATLAS

* Feed the residue of amplifier and digital code into Matlab.

1" stage Phase2
-------------------------------------------------------- _OC
| Phaset 5-b SAR ADC Phases | | F |
| _E—c(/ r oo ¢

T T16Ceee T2C, T Gy Cy

i Vin—-

MATLAB

In E -
Switches — : ;D

A

SAR Logic i P T = L

PSD (dB)

BNl— 95.06dB SNR =
73.93dB

-100

4096 points FFT

SNDR =
SFDR= 7393dB

0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Frequency (Hz) x 10



J TEXAS Future Work SATLAS

Implement the RS technique into the first stage.

Doing more simulation on first stage before next meeting, such as corner
simulation and noise simulation.
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Reference @!;\I!Tﬁé

1. J.-H. Tsai et al., “A 0.003 mm2 10 b 240 MS/s 0.7 mW SAR ADC in 28 nm
CMOS with digital error correction and correlated-reversed switching,” IEEE J.
Solid-State Circuits, vol. 50, no. 6, pp. 1382-1398, Jun. 2015.
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The University of Texas at Austin

ATLAS

EXPERIMENT
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The University of Texas at Austin

ATLAS

EXPERIMENT
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The University of Texas at Austin

ATLAS

EXPERIMENT
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Backup @ATLAS

_|_|
o+3
SR
[N
Nl o)
|
_|_I
| [ N
2t
S
<o
(@)
—— ks
[ N
S __O |
I
I N
| (o)
|
o+
! -
0
s —I-
-
O

[ ]
<
3
~h
<
o
ﬁ
<
o
~h
!
o
~h
<
3
~h
=)
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TEXAS Backup PATLAS

The University of Texas at Austin

Performing more bits RS will alleviate this dilemma.
Assuming 111 has been resolved and the following sequence will be 00, 01, 10, 11.
Except for 11111, the other sequence will have at least one switching back.

in o—"o r _____________________ 1
iv : f8c T4C TZC T1C %1C: T8C f4c ?ZC
: ' 0

0

-vref -vref -vref -vref -vref ,-vref -vref

' 11100 -vref  -vref 0 0 -vref -vref  -vref 0 ]
' 11101 -vref -vref 0 -vref  -yref -vref -vref 0 -vref
+ 11110 -vref -vref -vref 0 -vref -vref -vref -vref 0

11111 -vref -vref -vref -vref -vref -vref -vref -vref -vref
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Chen-Kai Hsu
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o TE

[he University of Texas

at about 8x inter-stage gain ATLAS

Phase1 5-b SAR ADC Phase3

_r</°1 111”\

Phase3 8-b SAR ADC

has Lopp ot

8X residue gai}w +

Vin—> Switches —/ L Switches —
SAR Logic ., Data Align | SAR Logic
""""""""""""""""""""""""""""" +D[11:0]

Open-Loop Gain can be reduced from 78dB to 72dB.
Unit-Gain Bandwidth can be reduced from 1.27GHz to 635MHz.

Due to reduced swing, maybe we can just use telescopic with gain boosting(One-stage which means low power).
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TEXAS OPAMP @ATLAS

The ersity of Texas at Austin

V,
I bb Supply Voltage 1.2V
I—‘;—I Auxn: Technology TSMC 65LP 1P6M
B2 N-input Folded Cascode

Auxp: DC Gain 80dB

:I I: P-input Folded Cascode Current-Main 750uA
e Ve Current-Auxn 100uA
s A - Current-Auxp 100uA
V,P°-| J-o Vi Bias Circuit 200uA

Vg, °_||_—:YL PhaseMargin 80 degree

= Unit-Gain Freq 2.1GHz

 According to [1], the frequency response of this opamp has to be carefully
designed to ensure stability and to avoid pole-zero doublet, causing slow settling.

.meain,ta < Waux,ta < Wmain,2n pole
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TEXAS Step Response ATLAS

The University of Texas at Austin
8c ‘

—o/o—|
8C

Error = 250m-249.96m = 0.04m < (0.5)/2*9

A e,

EQN.0|OLE 249.9628226m Min} ‘ ‘
VREF trarf] 250m : R N S oo ’
VREFP tr-250m ] ; 5

"""""""""" l'l

EQN.OIVIH 31.25m Omfinj

10m-§
e EETTEPPRTR SN ST
20m
30ng] - il (R




TEXAS

Linearity Test

c
11
1
8C
g 11
62.5mVp.p ML L
— o =2 500mVp.p
8

Rt THID=-200db
{ham_dist=0.0)

SNR= 722622
SNDR= 722622
ENB= 117113




@ TEXAS Comparator & SAR Logic ATLAS

[2] ISSCC’ 15 * [3]VLSI11

* Low noise single phase dynamic * Direct switching
latched comparator

- ’— Token[n+1]

----------- CU[n-1] CUn] CU[n+1]-
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TEXAS

The University of Texas at Austin

Progress

* Things have been done:

1 stage 5 Phase2 2 “stage
I----—----—----—--------------—--—-—--—-—-----—-—--—-—--E _O\)_ ------------------------------------------------------
~ i F i
5-b SAR ADC i ! 1 'i 8-b SAR ADC
;—ﬁ lk:
- >
'-8X residue gain
SAR Logic : '

D[11: 01

 Future Plan(in the near 1 to 2 weeks):

1" stage 5 Phase2 2" stage
I----—----—----—--------------—--—-—--—-—-----—-—--—-—--E _oc ------------------------------------------------------
i Phase1 5-b SAR ADC Phase_‘!i ) ”F | 8-b SAR ADC
i .L_O/ p—o\D—E—n *
| T T16Cieer T2C, T G4 C "l ED

Vin— Switches — : L '

* ,-8X residue gain
SAR Logic > ‘

D[11: 01
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TEXA Some 12-b Prior Arts ATLAS

' EXPERIMENT

The University of Texas at Austin

| s 21 155CC'15

Architecture Noise Shaping SAR ADC Pipeline SAR ADC
Technology 130 nm 65 nm
DAC Calibration No No
Total capacitance 2.1 pF 2.048 pF
SNDR 74 dB 70.9 dB

SFDR 95 dB 84.6 dB
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TEXAS Reference @ATLAS

1. K. Bult and G. J. G. M. Geelen, “A fast-settling CMOS Op

3.

Amp for SC circuits with 90-dB dc gain,” IEEE J. Solid-State
Circuits, vol. 25, pp.1379-1384, Dec. 1990.

Y. Lim and M. P. Flynn, “A 1 mW 71.5 dB SNDR 50 MS/S 13b
fully differential ring-amplifier-based SAR-assisted pipeline
ADC,” in Proc. IEEE ISSCC. Dig. Tech. Papers, Feb. 2015, pp.
1-3.

J.-H. Tsai, Y.-J. Chen, M.-H. Shen and P.-C. Huang, “A 1-V, 8b,
40MS/s, 113uW Charge-Recycling SAR ADC with a 14pW

Asynchronous Controller,” Symp. on VLSI Circuits, pp. 264-
265, June 2011.

Wenjuan Guo, and Nan Sun , “A 12b-ENOB 61uW noise-
shaping SAR ADC with a passive integrator ,” ESSCIRC, pp.
405-408, Oct. 2016.
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EXPERIMENT

UT-Austin ADC Design ATLAS LAr
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Chen-Kai Hsu
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TEXA Chen-Kai Hsu @ATLAS

The University of Texas at Austin

Education

— M.S., National Taiwan Univ., 2015

— B.S., National Chung Cheng Univ., 2012.
e First year PhD student at UT Austin.

e My research interests include high-performance data converters, sensor
interface, and mixed-signal circuits

* Process experience:

— CMO0S 0.18um /90nm / 40nm.
* Some Research experience:

— Low-power high-speed Pipeline ADC in 90-nm technology.

— Low-power SAR ADC in a 0.18-um technology for smart badge.
* Publication:

— Chen-Kai Hsu and Tai-Cheng Lee, “A Single-Channel 10-b 400-MS/s 8.7-mW
Pipeline ADC in a 90-nm Technology.” IEEE Asian Solid-State Circuits Conf.
Dig. Tech. Papers, pp. 233-236, Xiamen, China, Nov. 2015.
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W TEXAS

Architectural Level Plan

ATLAS

EXPERIMENT

The ADC is a 5 + 8 bit two-step structure with 1 bit inter stage
redundancy to generate a 12-bit output.

1" stage Phase? 2 “stage
. Phaset 5-b SAR ADC Phase3 Phase3 8-b SAR ADC
I o) i
i 'g/?1601°" 1201% 01% C, : : \0%128C2"0 'T'2C2% Cz% C, |_||, i
! Vi, Switches — ! L ! Switches — !
| * i 16x residue gaini * i
SAR Logic .,:, Data Align ..: SAR Logic :

S : sample the analog signal D11 0]

Phase1 | S | | | | |

Phase2 | 5-b SAR ADC| | I I |

Phase3 | | Amplification | | | |

Phase4 | l | 8-bSARADC | | |




@ TEXA . Top Level Consideration ATLAS

The University of Texas at Austin EXPERIMENT

300 Monte Carlo Simulation of capacitor mismatch

Number of runs = 1000

First |Second i
i Mean = 11.75 bits
250 Stage | Stage std = 0.162 bits

Total cap | 3.6 pF | 260 fF

200

Unit cap

Runs

150

100

50

0
11 111 112 13 114 115 116 11.7 118 119 12
ENOB(bits)
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Y TEXAS Top Level Consideration ATLAS

* Open-loop gain consideration:

By charge conservation, the output of a residue amplifier can be derived

as:
3zc1

(VIN — — (1631 + 8B2 + -+ BS)VREF)(l Error)
32C1+CP+CF
ACFfr

VRES ~

Where Error =

Therefore, in order to provide 16X close-loop gain, we need a 78dB
open-loop gain amplifier to satisfy 8-b accuracy(1/2LSB).

 Bandwidth consideration:
Assuming amplifier is a single pole system, we have:

_t
Vees = Vsrep(1 — e /T) = o
3dB

At least, 1.27GHz unit-gain bandwidth is needed.
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@ TEXAS

~ Top Level Consideration @

Assuming 2 stage Miller compensated OTA:

. C
Phase Margin = 90° — arctan(gml/ C) ;
9Im2/CL
g = Itail
=
Voverdrive

For Phase Margin at least greater than 65 degree,

stage2 = lstage1 D> C.=2.2C, (V. are the same at each stage)

* C, =260fF(decided by monte carlo simulation). D C.=572fF
¢ g =2%pi*1.27GHz*C.=4.5mS

 So, | = | = 0.45mA (assume V

7 'stage2 ~

=0.1 V)

stagel overdrive
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[he Univers

Estimated Power

This work (1) VLSI 2010
Architecture Pipeline SAR Pipeline SAR
Power estimaton Calibration No No
of this work
Technology TSMC 65 nm 65 nm
Total >3.6 mW
Resolution 12 bits 12 bits
Amplifier >1.08 mW
Supply Voltage 1.2V 1.3V
Ref. buffer 2mW PPy 9
Sampling Frequency 40 MHz 50 MHz
others 0.9 mW
ENOB > 11.2 bits 10.7 bits
*others include -
1.digital circuit Power >3.6mW 3.5mW
2.bootstrap switch ]
3_clock buffer Input Range(diff.) 2Vp-p 2Vp-p

* Power excluding reference buffer
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YTEXAS Specification Review ATLAS

Technology TSMC 65 nm
Supply Voltage 1.2V

Sampling Frequency m

ENOB 11.2 bits a little tough

Power <20 mW OK
Input Range 2Vp-p OK
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TEXAS Schedule @ATLAS

Expected Timeline before tapeout

Oct. 16 | Nov. 16 Jan. 17 |Feb. ‘17 to Apr. 17

Amplifier Stage1
Design Design

Whole chip Layout
Design | Optimization and
post-simulation
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Solution1 for stage?2 ATLAS

1. Bridge Capacitor Array

Parasitic Capacitor
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TEXAS Solution2 for stage2 ATLAS

EXPERIMENT

Hybrid DAC
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PLL ouput

Clock Buffer

320MHz [ ]

%2*

160MHz |

%2*

S : sample the analog signal

Phase1 | S

Phase2 5-b SAR ADC

Phase3 |

Phase4 |

Amplification

8-b SARADC |
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